I. Introduction
Mesenchymal stem cells (MSCs) are considered a promising tool for cellular therapy because of their capability for self-renewing and their multipotency .They were discovered by Friedenstein from cultures of bone marrow cells and suggested to be stromal cells [1] . Others have studied the properties and multipotency of these bone marrow cells in human [2] . They possess the following characters : plastic adherence; positive expression of CD105, CD90, and CD44; and a differentiation ability into a mesodermal lineage e.g. adipogenic, , chondrogenic and osteogenic cells [3] . MSCs show promising future for their variable uses in medical field owing to their unique self-renewing ability and there differentiation potential into different cell types [4] . In earlier days, MSCs was regarded that their differentiation is restricted only to few cell types such as chondrocytes ,adipocytes and osteocytes [5] . While recent studies have proven their differentiation ability into cell types of all three lineages including cardiomyocytes [6] . It has been suggested that the heart has a relatively stable but slowly decreasing number of myocytes soon after birth to adulthood and senescence [7] . Myocardial Infarction (MI) is one of the leading causes of mortality all over the world owing to constant changes in lifestyle with increasing stress [8] . MI is due to blood supply shortage to a part of the heart reducing the oxygenation of the affected area resulting in its necrosis (scar formation) and no complete recovery [9] . It was also revealed that transplanted fetal cardiomyocytes could survive in the scar tissue , limiting scar expansion and preventing post infarction heart failure. The cardiomyocytes transplantation into the damaged myocardium has been proposed as a future method for heart failure treatment [10] . Although several types of progenitor cells may be appropriate for cell-based tissue repair in patients with heart failure [11] multipotent MSCs obtained from the bone marrow are very attractive because of their easy extraction and expansion in culture [12] . The other benefits of bone marrow MSCs transplantation on a myocardial infarct is due to neovascularization, because they tend to differentiate into endothelial cells [13] [14] [15] . and they have immunosuppressive properties which help inhibition of proliferation and function of major immune cells as T cells, B cells, and NK cells [16] .
II. Aim Of The Study
The aim of this study is in vitro differentiation of MSCs separated from bone marrow obtained from adult human into cardiomyocyte by the use of 5-azacytidine.
III. Materials And Methods

Culture of MSCs:
The present study was held in the Clinical Pathology Department, El-Menoufia University Hospital. Bone marrow sample was aseptically collected from patients after obtaining their consent according to Institutional Review Board. It was diluted with sterile PBS (Invitrogen) and layered on top of ficoll-hypaque(Biochrom AG ). The MNC fraction was collected and seeded at a concentration of (million cells/ cm 2 ) and allowed to adhere to tissue culture plastic flasks 25 cm 2 (cell star), incubated at 37 C and 5% CO2 in 5 ml of the fresh complete nutrient medium (F10 media) which was constituted of the following: Low-glucose DMEM (Dulbecco's modified Eagle's Medium) with L-glutamine (2mmol/L)(sigma),10% FBS (Fetal bovine serum) (Euroclone)., Penicillin-streptomycin (100 U/ml penicillin and 100 μg/ml streptomycin and 0.25 μg/mL Fungizone (Bioscience) ,basic fibroblast growth factor bFGF and Insulin-like Growth Factor I (IGF-I) 10 ng/ml, (R&D system). Half medium was changed every 4 days for removal of non-adherent cells. At day 9, when fibroblastlike cells reach 80-90% confluence, these cells were harvested by trypsinization (Trypsin EDTA 0.25% Lonza). The cells were detected before differentiation by flow cytometer (Beckman Coulter Inc,) for antigen marker of MSCs by Phycoerythrin (PE) anti-human CD44(Beckman Coulter), and that of hemopoietic stem cells by Phycoerythrin (PE) anti-human CD34(Beckman Coulter). For surface antigens expression, 20 µL of corresponding antibody was added to 1 × 10 6 mononuclear cells (100 µL) followed by 15 min incubation. Then 2 mL lysing solution (1:10 dilution, BD Biosciences) was added to the samples followed by 15 min incubation . Samples centrifugation at 400 g for 5 min was done . The pellet was washed twice with (PBS) and resuspended in 500 µL PBS. Simultaneous staining of surface antigens isotype controls were done.
Cardio myogenic Differentiation of MSCs:
Around 1 × 10 4 of MSCs were seeded in 35 mm culture dishes .Cells were treated with 10 M 5-azacytidine (Sigma-Aldrich Co.,) on the second day after seeding .Media was changed every 3 days. The cells differentiation take a period of 12 days. Morphological changes by inverted and phase contrast microscope were observed every day.
Flowcytometric detection of Vimentin and Troponin T in cardiomyocytes:
Samples were prepared for surface flow cytometric detection of vimentin by Phycoerythrin (PE) antihuman Vimentin (cell signaling technology inc.) and for intracytoplasmic detection of troponin by Phycoerythrin (PE) anti-human troponin T(R&D system) (fixation and permeability reagent purchased from Beckman coulter).Surface makers were studied as described previously. For cytoplasmic antigen expression, 2 mL lysing solution (1:10 dilution, BD Biosciences) was added to 1 × 10 6 mononuclear cells (100 µL) followed by 15 min incubation. Samples centrifugation at 400 g for 5 min was done. 1 mL Perm/Wash buffer (1:10 dilution, BD Biosciences) was added to the pellet followed by 20 min incubation. Samples centrifugation at 400 g for 5 min was done then the supernatant was discarded. The corresponding antibody (20 µL) was added then followed by 15 min incubation. Then 2 mL PBS was added. Samples centrifugation at 400 g for 5 min was done. The pellet was resuspended in 500 µL PBS. Simultaneous staining of surface antigens isotype controls were done.
Cardiac alpha Tropomyosin immunofluorescence staining:
Cells grown on glass coverslips then fixed with 0.5 mL 4% paraformaldehyde in PBS at room temperature for 20 minutes. Then they were washed with 0.5 mL of 1% FBS in PBS three times for 5 minutes each. Then they were permeabilized and blocked with 0.5 mL of 0.3% Triton X-100, 1% FBS serum in PBS at room temperature for 45 minutes. The cells were then incubated with 300 uL/plate of 1X mouse monoclonal anti-sarcomeric tropomyosin (1:200; Sigma-Aldrich); overnight at 2 -8° C in the dark. The cells were then washed again three times then incubated with 300 uL/well of secondary antibody at room temperature ,in the dark for 60 minutes. Finally the cells were washed three times and the cover slips removed and mounted down on glass slides ready for microscopic observation.
IV. Results
Morphological examination of MSCs:
At day 1 and 2 after the initial plating, the adherent cells show cytoplasmic projections and they form small clusters .The onset of fibroblast can be observed at day 3 & 4. At 7 th day, cells showed multi-polar fibroblastoid appearance and a 60 % confluence which gradually increased to reach 80% -90% confluence at about 9 days "Fig1&2". 
4.2.Identification of MSCs by flowcytometry :
MSCs showed positive expression for CD 44 (ranging between 67.10-97.50 with a mean ± standard deviation of 83.01 ±9.55) .While they showed negative expression for CD 34 (ranging between 0.10-2.0, with a mean ± standard deviation of 0.92 ±0.55) (Fig 3) . 
Morphological changes after cardiogenic differentiation:
On the 4 th day approximately 20-30% of cells became thinner and aligned parallel to each other " Fig 4" .On the 6th day they were seen in groups of 6-7 cells "Fig5 &6".They shows central broadening of cytoplasm on the 7 th day " Fig 7 &8 " while on the 8 th day some of them showed multi nucleation extending their cytoplasmic processes with adjacent cells "Fig 9,10,11 ". On the 9 th day they show ball stick-like morphology " Fig 12,13 ". 
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Results of flowcytometric analysis of pre-and post-induction BMA-MSCs:
MSCs showed low positive expression of vimentin, with a mean ± standard deviation of 15.18 ±4.11.While cardiomyocytes showed high positive expression of vimentin with a mean ± standard deviation of 82.46 ±9.04 (Table 1) .A highly significant statistical correlation, (P value <0.001 ) between MSCs and cardiomyocytes vimentin was foundOn the other MSCs showed negative expression of troponin, with a mean ± standard deviation of 1.23 ±0.71 while cardiomyocytes showed high positive expression of troponin with a mean ± standard deviation of 71.68 ±9.17 (Table 1 ). .A highly significant statistical correlation, (P value <0.001) between MSCs and cardiomyocytes troponin was found . 
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Results of cardiac alpha tropomyosin immunofluorescence staining:
The cardiomyocytes showed positive staining with cardiac alpha tropomyosin on the 7 th and 8 th day post induction "Fig 18" .
Fig 18:
Immunofluorescent microscope image x 40 cardiomyocytes stained by cardiac alpha tropomyosin, on the 8th day post induction. 
Proliferation curve and cell cycle activity in induced MSCs
V. Discussion
Cardiomyocytes are known to stop regeneration after birth but there response to mitotic signals is by hypertrophy of the cells [17] rather than hyperplasia. When cardiomyocytes are lost ,regional contractile dysfunction occur , and necrotized cardiac cells in infarcted cardiac tissues are replaced by fibroblasts progressively leading to scar tissue formation [18] .Thus stem cell transplantation could be one of the best available life regenerative therapy for patients who suffer MI [19] .The pluripotent properties of MSCs makes them an attractive therapeutic approach. The percentage of bone marrow MSC in adult is very small, approximately 0.001%-0.01% of cells isolated by Ficoll (1.073 g/ml) density interface adhere to the bottom of the flask. Therefore, the isolation and expansion of human MSCs in vitro is very important. Wakitani had modified a method for cells isolation from rats adult bone marrow. In our study bone-marrow-derived stem cells were preferred because they are easy to gain and it had been proved that their transplantation leads to improvement of cardiac function and reduces the occurrence of major adverse cardiovascular events [20, 29] .
Lin et al. reported that bone marrow contains also endothelial progenitor cells (EPCs) which play an important role in angiogenesis [14] . It had been shown that erythropoietin improves cardiac function by homing and incorporating EPCs into the myocardial microvasculature and myocardial secretion of angiogenic factors. [15] Bone marrow cells were also able to migrate into skeletal and cardiac muscle and they are able to differentiate into cardiomyocytes. Such a process may contribute to regeneration or maintenance of tissue [21] . Differentiation of MSCs derived from bone marrow into cardiomyocytes can be achieved with 5-azacytidine, which is a chemical analogue of cytosine nucleoside. Others have reported that 5-azacytidine induces the differentiation of MSCs obtained from murine into cardiomyocytes [16, [23] [24] [25] .
Xu et al., have shown that human BMMSCs could be isolated and used for repairing damaged heart [24] . This was in accordance with Liu et al., work which was done on rats [22] . Other reports have demonstrated that rat and mouse bone marrow cells have the ability to regenerate infarcted myocardium [26] [27] [28] .Contrary to this and earlier reports [25, 29] . Liu and colleagues reported that rat MSCs could not be expanded and induced to differentiate into cardiomyocytes by 5-azacytidine treatment [22] .In this regard, the methods for isolation and culture conditions may be very important. In our study the media used was DMEM containing 10% FBS which was optimal for the expansion of MSCs and the expression of the myogenic properties. bFGF and IGF-1 were included in our culture medium . It had been reported that bFGF could increase the myogenic phenotype expression and enhance myotubes formation [29] . This was explained by a synergistic action between both 5-azacytidine and bFGF during differentiation. The dose of Azacytidine used in our study was 10 mm which was the dose in which differentiation occurs without death of the cells [23, 27] .
The mechanism by which 5-aza promotes cardio myogenic differentiation remains unclear. The effect of 5-azacytidine on the expression of protein bone marrow MSCs obtained from porcine origin in vitro using proteomics techniques have been studied .They concluded up-regulation in the proteins which play a role in cell proliferation and differentiation, such as cardiac alpha tropomyocin [30] .The details of 5-azacytidine signaling mechanisms still remain unexplained [31] . It had been reported that GSK-3α and GSK-3β help in mediating the differentiation of cardiomyocyte in murine BMSCs. While GSK-3β enhances the differentiation of cardiomyocyte from MSCs by β-catenin down regulation, whereas GSK-3α inhibits the differentiation of cardiomyocyte from MSCs through c-Jun down regulation [32] . It had also been reported that the ERK signaling pathway promotes the cardiomyocytes development obtained from embryonic stem cells [33] . It had been found that ERK phosphorylation is increased in a cardiomyogenic cell line from BMSCs of murine origin after it had been exposed to 5-azacytidine and stimulated with phenylephrine [34] .
In our study the cells were positive for cardiac troponinT which was in accordance with [13] . It had been reported that Cardiac troponin T is the earliest marker of myogenic differentiation [40] . It is essential for myofibrillar ATPase activity and is expressed in the heart of human and required for contractility of muscle [35] . The cells shows positive expression of Vimentin which was in accordance with [24, 36] . Tropomyosin in our study was also positive, this was in accordance with [37] . Regarding the proliferation curve proliferation increased after addition of IGF-1whichwas in accordance with HUANG et al who hypothesized that IGF-1 may play an important role in proliferation, migration, and differentiation of MSCs during transplantation. [40] Contrary to this Li et al. observed that MSCs cultured in vitro with IGF-1 at final concentrations of 2.5, 5.0 and 10.0 ng/ml for 48 h did not affect the rate of proliferation. Therefore, whether this result was due to inadequate concentrations of IGF-1 or the culture time was too short needs to be further investigated [38] . In terms of the differentiation it has been proved that MSCs can be differentiated into cardiomyocytes s by a combination of, vascular endothelial growth factor (VEGF), IGF-1and basic fibroblast growth factor (bFGF) [39] . 
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VI. Conclusion
Our results indicate that Mesenchymal stem cells obtained from human bone marrow of adult human can be differentiated in vitro into cardiomyocytes. The prevailing evidence suggests that bone marrow stem cells can regenerate myogenic cells in cardiac tissue. These can help damaged cardiac tissues repairing by adult human bone marrow MSCs administration.
